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we focused on hospitalization by stroke subtypes, which is a novel approach in France.
Methods

Hospitalization Data
Hospitalization data from 2008 to 2014 were extracted from the French national hospital discharge databases (PMSI-MCO [Programme de Médicalisation des Systèmes d'information en Médecine, Chirurgie, Obstétrique et Odontologie]), which contain the medical records (including diagnosis) of all patients discharged from both private and public hospitals. Stroke was defined by the following International Classification of Diseases-Tenth Revision codes from the main discharge: hemorrhagic stroke (HS): I60 to I62 and ischemic stroke (IS): I63, I64, or G46 (if one of the codes I60 to I64 was an associated or related diagnosis). Transient ischemic attack (TIA) was defined by G45 (except 454) from the main diagnosis, irrespective of stroke codes. Using medical unit codes, we searched for stays in stroke units and intensive care units for IS and intracerebral hemorrhage (I61) patients.
Diagnoses of paralysis or aphasia at the time of the hospitalization were also investigated. We searched for specific codes (Table I in the online-only Data Supplement) in associated or related diagnoses.
Mortality Data
Death certificates mentioning stroke as the initial cause of death (International Classification of Diseases-10 codes: I60-I64 and I69) were extracted from the French national medical cause of death database.
Population Data
To calculate hospitalized patient and mortality rates, we used data from the annual population census obtained from the French National Institute of Statistics and Economic Studies (Insee), 2008 to 2014.
Statistical Analysis
Annual crude rates for hospitalized patients and mortality were calculated according to the sex and age group. Rates were age standardized. Analyses by stroke subtype were not possible on mortality data because of the high proportion of unspecified strokes (I64; on average 44.4% between 2008 and 2013). In-hospital mortality rates were age standardized using the total number of patients hospitalized in 2014 as the standard population.
For comparisons by sex and stroke subtype, we used χ 2 tests for categorical variables and Wilcoxon and Kruskall-Wallis tests for continuous variables with no normal distribution.
Time trends in hospitalized patients and mortality rates were tested using the log linear Poisson regression model.
Analyses were performed using SAS Enterprise Guide 7.1 software. According to French governmental regulations, the examination of the study protocol by the National Ethics Committee was not required.
Results
Patients Hospitalized for Stroke
In 2014, 110 438 patients were hospitalized for stroke including 82 912 (75.1%) for IS and 27 526 (24.9%) for HS (of whom 64% had intracerebral hemorrhages, 20% subarachnoid hemorrhages, and 16% other nontraumatic intracranial hemorrhages) and 32 632 for TIA (Tables I and II in the online-only Data Supplement). The age-standardized rates of patients hospitalized for IS were 125.9 per 100 000 and 42.1 per 100 000 for HS and was 1.5× higher in men than in women. The mean age at hospitalization was significantly lower in men (70.4 years) than in women (76.7 years). More than 50% of patients with IS and 36.5% of patients with HS had paralysis or aphasia (Table 1) .
Approximately 50% of patients with stroke were hospitalized in a stroke unit or in an intensive care unit ( Table 2) . The proportion of patients in a stroke unit was higher for IS (49.3%) than for intracerebral hemorrhage (33.2%). After age-standardization, men were hospitalized in a stroke unit slightly more often than women (44.6% versus 41.4%). Furthermore, patients <65 years were placed in a stroke unit more often than those aged ≥65 years (53.2% versus 39.8%).
Time Trends in Age-Standardized Hospitalized Patients Rates
Between 2008 and 2014, the number of patients hospitalized for stroke (IS and HS) increased by 13.7%, whereas the age-standardized rate was stable (+1.8%) ( Table II in the online-only Data Supplement). Similar trends were observed for TIA (numbers: +8.6%, rates: −2.5%). However, the rate of stroke patients aged ≥65 years slightly decreased (−0.3%), whereas that of patients with stroke <65 years increased by 8.5%. Similar results were observed in patients with TIA ( Figure I in the online-only Data Supplement). Moreover, for stroke, trends were different according to the subtype.
For IS, hospitalization rates increased in patients aged <65 years (+14.3% over the study period), in both men and women (versus a 1.5% decrease in those aged ≥65 years; Figure 1A ). The Poisson regression shows significant annual increases in men aged 25 to 74 years and in women aged 35 to 64 years ( Figure 2A) . By contrast, a significant annual decrease was recorded in men aged ≥75 years and in women aged 75 to 84 years.
For HS, the rates did not change substantially over the period (+1.8%; Figure 1B ). Significant annual increases were observed in men and women aged ≥85 years, whereas significant annual decreases were recorded in women aged 25 to 34 and 65 to 74 years ( Figure 2B ).
Temporal Changes in Patient Characteristics
Over the study period, the mean age of IS patients remained stable at ≈74 years. The mean length of hospital stays reduced (12.6 days in 2008 to 11.4 days in 2014), irrespective of age and sex. The proportion of patients hospitalized in a stroke unit more than doubled, increasing from 17.2% in 2008 to 49.3% in 2014.
Among patients with HS, the mean age was 2 years higher in 2014 than in 2008. The proportion of patients hospitalized for intracerebral hemorrhage in a stroke unit increased from 13.9% to 33.2%, whereas the rate of patients hospitalized for intracerebral hemorrhage increased only slightly (+3.4%).
In-Hospital Mortality
In 2014, the age-standardized in-hospital mortality rate was more than 3× higher in patients with HS than in those with IS (28.9% versus 9.4%, respectively; Table 1 ). In-hospital mortality rates were slightly higher in women than in men irrespective of age. 
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Between 2008 and 2014, the overall age-standardized inhospital mortality rate significantly decreased (−11.1%; data not shown). This global trend mainly reflected an improvement in survival after IS (−17.1%), especially in men (−19.6% versus −15.4% in women).
Stroke Mortality
In 2013, stroke was recorded as the initial cause of death on 31 346 death certificates. Women accounted for 58.5% of stroke deaths (Table 3) . Mean age at death was significantly higher in women than in men (85.1 versus 79.4 years). Approximately 5% of women and 12% of men were <65 years.
The age-standardized mortality rate for stroke was 45.7 per 100 000 inhabitants and was higher in men than in women (51.8 versus 40.9 per 100 000).
Temporal Changes
Between 2008 and 2013, the number of deaths caused by stroke remained stable, at ≈31 000 each year. However, the mortality rate decreased by 13.4%. More specifically, mortality rates significantly decreased in all age groups except for women aged 45 to 64 years and for people aged ≥85 years ( Figure 3 ). Over the study period, the mean age at death increased in women from 83.7 to 85.1 years and in men from 77.7 to 79.4 years.
Discussion
Between 2008 and 2014, the rate of hospitalized patients for IS strongly increased in young patients (ie, <65 years of age), the proportion of patients hospitalized in a stroke unit substantially increased and the overall stroke mortality decreased, except for women aged 45 to 64 years and people aged ≥85 years.
Changes in Hospitalized Patient Rates
These increases, observed in patients with IS <65 years old reflect results from several international studies. Indeed, the first study highlighted an increase in IS incidence in adults aged 20 to 44 years in the Greater Cincinnati and Northern Kentucky region between 1993 and 2005. 8 In France, the Dijon Stroke Registry demonstrated similar trends in adults aged <55 years old. 12 These results were corroborated at a national level between 2000 and 2006. 13 More recently, 2 other US studies reported an increase in IS hospitalization rates in adults aged 15 to 44 and 25 to 44 years and a stabilization in those aged 45 to 64 years. 9, 14 An increase in IS incidence was also observed in young adults in Denmark and in Sweden. 15, 16 The stability of hospitalization rates for HS observed in our study is consistent with results reported in the Danish study and in the Greater Cincinnati and Northern Kentucky study. 8, 15 Multiple causes could explain the increase of IS incidence in people aged <65 years. The increase in the prevalence of cardiovascular risk factors in young adults seems to be the best hypothesis in France. 10, 11, [17] [18] [19] [20] [21] [22] In 2006 to 2009, diabetes mellitus prevalence increased in all age groups in France. In adults aged <65 years, the highest increases were in people aged 20 to 24 years (+5.5% per year in men versus +4.7% per year in women) and aged 60 to 64 years (+4.5% per year in men versus +3.9% per year in women). 18 Between 2003 and 2012, the prevalence of self-reported obesity increased in all age groups. In adults aged 45 to 64 years, the increase was greater in women (45-54 years +29%, 55-64 years +43%) than in men (45-54 years +14%, 55-64 years +14%). 17 From 2005 to 2014, the percentage of female smokers doubled in those aged 55 to 64 years (from 9.1% to 18.6% versus a stability in men in the same age group). 10 However, atheroma of large arteries, as a result of a long-term exposure to these risk factors, is a less common cause of IS in young people than in the elderly. Other risk factors, described more recently, might also be involved, such as air pollution or illegal drugs' abuse, in particular cannabis. 8, [22] [23] [24] The association between cannabis and stroke is not clear because of simultaneous tobacco consumption. 22, 24 In France, between 2010 and 2014, among adults aged 18 to 64 years, cannabis use during the current year increased from 8% to 11% and regular use of cannabis increased from 2.2% to 3.1%. 25 Over the same period, cocaine use was stable in people aged 18 to 64 years (1%). 25 However, changes in hospitalization rates could also reflect possible improvements in stroke management or stroke diagnosis. Improved medical imaging, better knowledge of stroke symptoms by physicians and by the population, and the deployment of stroke units all over the national territory may have improved the precision and the rapidity of diagnosis, leading to swifter hospitalization.
14 These changes do not seem to be linked to the new TIA definition (2007), as similar trends were observed for TIA and stroke.
The large increase in the proportion of patients hospitalized in stroke units is related to the deployment of stroke units over the national territory (33 in 2007, 100 in 2010, and 135 in 2015), a key target of the National Stroke Action Plan (target: 140 stroke units). This plan aims to improve stroke management from the onset of stroke symptoms to home return, by structuring regional networks, including a dedicated stroke ward, and by adopting a multidisciplinary team approach. Despite the unquestionable increase in the proportion of patients hospitalized in stroke unit for acute care, nearly 1 in 2 patients does not benefit from this optimal care pathway and large geographical disparities exist over the French territory.
Although the burden of stroke is heavier in the elderly, ≈25% of patients hospitalized for stroke in 2014 were <65 years old. Accordingly, the increase in hospitalization observed in this age group is a major public health issue as the consequences of stroke are serious in terms of both disability-adjusted life years and patient quality of life. More specifically, between 30% and 50% of the youngest patients cannot resume work after a stroke and ≈10% remain disabled. 26, 27 The relative stability of the overall incidence all ages combined, coupled with the aging population is a cause for concern. The number of patients needing acute stage care, rehabilitation, and lifelong care in case of disability is increasing and will most likely continue to increase in the coming years in France. Primary and secondary stroke prevention interventions are of particular importance given that 10 of the main known risk factors-including hypertension, smoking, no regular physical activity, and abdominal obesity-account for >90% of the risk of stroke yet are modifiable factors. 28, 29 In young adults, to better target primary prevention, further pathogenic research is needed to better understand IS onset in this age group, as it may differ in the elderly. 
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In-Hospital Mortality
The decrease in in-hospital mortality caused by stroke observed in our study has already been reported in France and in other countries. [31] [32] [33] [34] [35] It may be because of the major improvement in acute stroke management by the deployment of stroke units all over the French territory, especially of intensive care in stroke units where acute stroke diagnosis and management are easier. Moreover, the extension of the time window for intravenous alteplase treatment from within 3 to within 4.5 hours after stroke onset has led to an increased proportion of patients being eligible for thrombolysis. Even though the effects of thrombolysis on stroke-related mortality are still being debated, thrombolysis substantially reduces functional sequelae. [34] [35] [36] Finally, early rehabilitation during the postacute stage provided in stroke units may also be partly responsible for reduced in-hospital mortality. 7, 34 However, these promising results should be confirmed by taking into account factors which affect in-hospital mortality (severity, age at stroke, comorbidities, and management).
Mortality
The decrease in mortality from stroke observed in our study is in line with previous trends in France and studies in other developed countries. 13, [36] [37] [38] [39] In France, this decrease could be linked with the general decline of in-hospital mortality and with better tertiary prevention. 37 Rehabilitation in postacute care and rehabilitation units are key elements in the stroke care pathway promoted by the National Stroke Action Plan. Numerous studies have already highlighted the benefit of rehabilitation over the short-, medium-, and long-term in terms of a reduction in dependence level, greater quality of life and reduced mortality. [40] [41] [42] [43] Between 2010 and 2014, the increased proportion of patients admitted to rehabilitation units may also have contributed to the decrease in mortality. 44, 45 Furthermore, the development of telemedicine for the management of acute IS could allow more patients to benefit from thrombolysis. 46 The stabilization of stroke mortality in women aged 45 to 64 years could partly reflect the large increases in incidence in these age groups, related to the increase in vascular risk factor prevalence.
Strengths and Limitations
In this study, we used exhaustive data from the French National hospitalization and mortality databases. According to a recent validation study of the PMSI-MCO for stroke, the positive predictive value of a stroke detection algorithm was approximately 90% in 2009 to 2010. 47 However, we were unable to differentiate the first stroke from subsequent strokes. Accordingly, we limited our analysis to the first annual stay of each patient, providing annual incidence of hospitalized patients and not lifetime incidence. The proportion of patients hospitalized in a stroke unit was probably underestimated because of some hospitals did not record a stay in a stroke unit without intensive care (no financial incentive). In the same way, aphasia is probably underestimated.
With respect to mortality data, we were not able to perform analyses according to the stroke subtype because of a large proportion of unspecified strokes (I64) in death certificates. 
Conclusions
The observed decrease in mortality caused by stroke, related to important changes in stroke management and to medical care innovations during the acute stage, is encouraging. However, the increased incidence in patients hospitalized for ischemic stroke in people aged <75 years (especially in the 35-to 64-year-old age group) and the stabilization of stroke mortality in women aged 45 to 64 years are worrying. Prevention campaigns against the main risk factors must be maintained and intensified. In addition, stroke symptom awareness campaigns are essential to limit the human and economic burden of stroke.
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